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Rocky Flats Environmental Technology Site 
Actinide Migration Evaluation 
Meetings: April 29-30,1999 
Advisory Group: Greg Choppin, David Clark, David Janecky, Kirk Wordstrom 

Summary and Recommendations for Path Forward 

903 Pad. An impressive amount of borehole studies had been completed on and around the 903 
pad, hp, and hlllside areas The purpose of the 
mvestigation was to accurately deterrmne the limts of tier 1 and tier 2 radtonuclrlde levels on and 
around the 903 pad area Previously, the area of inveagation had all b+n c a t e g o d  as tier 1 
(Am = 215 pCig, PU = 1429 pCig), but d e r  the study, the area outsikje the pad and lip area 
(wth the exception of 2 data points) are now known to be tier 2 It is therefore estimated that 
approxtmately 27,300 yd3 (903 pad and lip) of soil would need to be temoved to meet tter 1 
cleanup levels In order to meet tier 2 levels, it is estmted that an additibnal 12,400 yd3 over 13 
acres would need to be removed A treatability study vvlll consider placujg a cover over the area, 
diggmg up the soil, soil washmg, etc 

The wetland areas reman to be measured 

Solar Ponds. The design of treatabdity studies had begun at the uruversity of Waterloo A bnef 
discussion took place where we heard about rutrate reduction in a sehes of sawdust and u-on 
columns Additional lnformation was requested, and it was agreed that $lalytical data on the test 
results should be obtaned fiom Waterloo, and then a more detailed didussion should take place 
during the July meeting to adequately discuss ths topic 

Air Modeling As a follow up to prevlous meeting presentabons, Radi$l personnel presented an 
update on a r  pathway analysis The conceptual model for source chara+eristics, mechmsms for 
release to atmosphere, and deposition of axborne particles was debcnbed in depth Two 
observations were made in discussions of thrs work first, roads have 'not been a focus for a r  

near term work to assist the site in planrung and operahons 

transport pathway modeling of actmde mgration, rn contrast to 
remediation actiwties are an important aspect of release 

n modehg, and second, 
should be emphasd in 

Update on LANL experiments Dr Mary Neu presented an upd te on LAML studies to 
determine the oxidation state of plutomum in soils at RFETS fbnded b the DOE Enwonmental 
Management Science Program (EMSP) Several attempts were mad to e x m e  sod samples 
taken fiom boreholes in the 903 pad in order to expenmentally dete I e the chemcal form of 
plutomum in sods under the 903 pad Two samples were obtarnedlwth sufficient plutomum 
concentration (9000 pCdg, and 18,400 pCdg) to attempt oxtdation sfate and structural studies 
using synchrotron radiation techruques The samples were taken 'to Stanford Synchrotron 
Radiation Laboratory (SSRL) and e m n e d  using x-ray absorption neat edge structure (XANES) 
and x-ray absorption fine structure (XAFS) spectroscopies The L& research team has been 
using these techques for nearly seven years, and a signrficant dat+ase of near edge energy 
positions (known to be a diagnostic of oxdation state) and founer tiplnsform moduli (reveahg 
bond distances and number of neighbonng atoms) was shown to illustrate thts point From hs 
database, two important standards were shown, rncluding authentic laboratory samples of 
plutomum dioxlde (PuOz) and the hydrous oxlde, or oxyhydroxlde of tttravalent plutomum Next 
we were shown XANES and XAFS spectra of the samples taken frog RFETS soils By usmg a 
combination of different charactenstic x-ray absorption edges (Ln and Lm), the LANL team was 
able to conclusively show that the 903 pad soils contam plutoiuum in the tetravalent (n3 



omdabon state using XANES spectroscopy For the plutomum concentrations m the 903 pad 
sods, the techtllque is h t e d  to wthm 10-15% oxtdation state uncertainty However, the XAFS 
data showed clearly that the sample was Pu02, as an authentic laboratory sample was nearly 
undistiguishable, and showed the well-known Pu-0 distance of 2 33 A wth eight oxygen atom 
near neighbors rn a face-centered cubic (fa) lattice When compared to XAFS spectra of 
authentic laboratory samples of h(IV) oxyhydroxtde, it was readily apparent that the 
oxyhydroxlde was sigmficantly more complex, showng a large number of peaks in the Fourier 
Transform resulting fiom a large number of Pu-0 and Pu-OH distances in the low-symmt?try 
structure "his data conclusively demonstrates that the chemical form of plutomum in sods from 
the 903 pad is indeed plutonium dioxide Thts is a si@cant result because scientists studymg 
the Rocky Flats site have mamtmed for decades that the form of plutoruum in the soils had to be 
PuO2, but there was never any defimtive proof The present study vahdates many of those past 
clams 

Update on Erosion Modeling Results for Antelope Spnngs and South Interceptor Ditch (SID) 
data collection and modelmg work was rewewed (including information fiom core samples fiom 
the SID) The evolution of the modeling approach to integrate the HEC-6T code with the WEPP 
code to handle stream flow transport processes is a valuable enhancement This effort continues 
to make good progress towards prowding the site wth a modeling system whch can be used in 
assessment and predictive modes We look forward to the addition of Dr Lane to the AMs 
adwsory team to extend the depth of rewew and input prowded to the site 

Discussion of Quarterly reports from professors Honeyman and Santchi Collecttvely ths 
work contmues to address the longstanding hypothesis that reducing conhhons wdl mobhe 
plutomum at the site The quarterly reports add to the unportant and sigdicant findlngs that 
reducing conditlons do NOT increase the solubility of plutomum under site-specific conditions 
These contnbutions fiom professors Honeyman and Santch are extremely important, and help 
resolve a long-standing issue msed dunng the May 1995 storm event Recent studies by 
Honeyman show that in fact, the solubilrty of plutontum decreases over time, even under reduung 
potentials There are a vanety of chemcal consequences which can be iderred, but the overall 
unportant result remans that reducing condibons do not solubillze (and mobilm) plutomum 
Professor Santchi’s most recent studies aimed at oxtdation state deterrmnation are still 
prehmnary These solvent &-on procedures are known to be complicated, and require great 
care and expenence The fact that P u O  was obtained under all conditions is an mdication that 
the experimental detads are stdl not satisfactonly worked out, but we are contident that a wslt to 
the Flonda State laboratories wdl help Santch’s team perf& the details However, the picture 
that is emerpg fiom the combmed studies (mcludurg those of Dr Neu, see “Update on LANL 
studies” in th~s report) is one in whch plutomum is in the form of plutomum dtoxlde sorbed to 
particles Honeyman and Santch’s work demonstrates that many of these particles can be quite 
small, in the operationally defined “colloidal sue range” defined as 0 4pm to 10 kDa In this case, 
it is unhkely that solvent extramon techtuques w11 prowde useful oxldation state information for 
the same reasons prowded m ths report under the heading of “Tetra-aza Macrocycles” It is 
suggested that the results of solvent extraction studies be discussed in more detal at the next 
meetmg 

Discussion of Plutonium Oxidehydroxide. In response to questions from the regulators, Dr 
David Clark fiom Los Alamos led a general discussion on plutoruum omdehydroxlde The 
followng is a summary of that discussion 
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Inorgmc polymers and colloids have been known since the turn of the century, and it has 
been known for a half a century that aqueous solutions of Pu(N) wll form colloidal polymers 
under the appropnate solubon conditions Early emphasis focused on avoiding P u o  polymer 
because of its intractability and potential for interfetenece in plutonium process chemistry Newer 
concerns involve retention of plutiomum in nuclear waste repositones where radioactive heatmg 
and low acidity of ground waters rmght favor Pu colloid fortnabon These so-called 
radiocolloids are very fine, well dispersed, intnnsic particles of radioactive compounds, whose 
formation in the case of the actmdes IS intimately connected to their hydrolysis chermstry 

Like most highly charged cations, actinide ions in aqueous solution act as acids Protons are 
split off of the water molecules bound in the actimde hydration shell, and the acid strength 
increases markedly with the charge-to-sue ratio on the central actinide ion The simple aquo ions 
of the tetravalent actinides have the hghest charge-to-size ratio, and are therefore the strongest 
acids For metal ions III solution, the deternunation of the acid dissociation, or hydrolysis 
constants (eq 1) is of fbndamental importance since theu behamor m solutions as a finction of pH 
is governed by the p& values The accurate determination of PKa values is rendered very 
difficult by the pronounced tendency of almost all hydroxy complexes to undergo a senes of 
condensation and polymerization reactions as indicated qualitatively III eq 2 and 3 The oxygen 
atom between the two metal centers may be protonated, fomng a hydroxo or oxo bndge Two 
metal atoms may be bound by more than one bndge, and such polymenzation eventually leads to 
the formation of insoluble preapitates 

*Hydrolysis 

*Codemahon 

-Polymenzahon 

P u q  nH20  
(3) 

For some metal cations such as tetravalent plutomum, there is a tendency to polymem 
beyond simple duners or trtmers and form extensive polymenc networks, which can reach 
colloidal dimensions and exists as colloidal suspensions These species are metastable and w11 

I 

I ultimately condense wth loss of water to form oxo-bridged polymers These polymers are 
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common in the d transition senes, the main group, and are of  particular importance 111 the actinide 
senes Ultimately, a stable metal oxlde wll be produced by precipitation of the hydrous polymer 
Ths process is used industrrally to generate pure oxides, and has become known as the "sol-gel' 
process In the case of S i 0  ttus is used extensively (eq 4) 

n Si(0H) 4 - * (SlO& + 2nH20 (4) 

It has long been known that solutions of aqueous P u o  form these solubon colloids under 
appropnate conditions, and tlus mated IS often referred to as "polymenc Pu(IV)" The 
conditions for colloid formation have been studied by many authors, and the process can be 
represented by eq 5 and 6 

For plutomum (IV) the colloid can form solubon-like sols that are optically clear, display a 
characterisoc absorptron spectrum, and do not settle on long-standing Plutoruum colloid is 
of particular interest 111 nuclear waste management because it is one of the domant forms of 
plutonium under chemcal conditions simlar to those found in the enwronment Understandmg 
the role of colloids 111 the release of radionuclides and their mgration in the enwronment is 
therefore of  mcreasing unpoeance It was pointed out that Dr Neu's work conclusively 
demonstrated that the chemcal form (or speaation) of plutoruum in soils under the 903 pad, were 
not consistent wth the formation of  the intnmc colloid (or oxyhydroxtde) of PuO, but rather, 
were consistent wth PuO2 instead 

Investigation of Soil Aggregates at RFETS. Dr Jun Ranvdle presented fiom the Colorado 
School of Mines provlded an update on soil aggregate studies The purpose and scope of ths 
investrgahon is to detemne soil properties at RFETS and how they affect erosion and transport 
of actinides Dr Rande rmewed the importance of soil aggregation and three ways by whch 
sod particles are cemented to form aggregates by orgaruc matter, by inorgatuc matter, chefly Eon 
oxldes, and by physical processes such as fieeze/thaw and weddry cycles Aggregahon is also 
directly l d e d  to awlable surfiice area The great the aggregation the greater the surface area 
avilable for attenuatmg radionuclides 

Surface sod samples (both dry and r u n 0 4  have been collected fiom a small catchment near the 
SID for size distnbution, for physical, chemcal, and radioisotope detemunations, and for 
disaggregation experiments The man results reported at ths meeting were the particle slze 
Qstnbubons for the Merent methods of disaggregabon Five methods of Qsaggregation were 
performed to determine the man mechatusm of cementation of grains (1) deioruzed water - 
weakest method and used as a baselme for companson, (2) ultrasoruc - releases physical 
aggregation, (3) hexametaphosphate - releases electrostatrc aggregation, (4) hydrogen peroxlde - 
releases cementation by orgmc matter, and (5) citrate-dithonate-bicarbonate - releases 
cementation by ron and manganese oxldes Size separations included (a) siewng to >200, 53- 
200, and 25-53 mcrometers, (b) sedimentation for 10-25 and 2-10 mcrometers and (c) 
tangential-flow ultrafitration for 0 45-2 micrometers, 0 45 mcron-l0,000 MW (molecular weight 
umts), and <10,000 MW Particle size analysis was also done with an optical particle counter 

Deiomzed water disaggregation resulted in >50% of the soil particles being >53 mcrometers 
Ths result indicates very little disaggregation With hydrogen peroxide treatment, a distinct 
change occurred m the distnbution wth 3545% particles of >53 micrometers and the 2-53 

advsum499 page 4 of 7 7/12/99 
7 



mcrometer range m h g  up >50% of the particles Compmg the vaflous treaments to the 
deionized water treatment clearly shows 

*every treatment disaggregated particles more than the water treatment 
*for the <2 mcrometer size range, both peroxlde and sorucation were the most effective at 
disaggregatrng and citrate was the least effective 
OdBerences in propeaes between upper and lower parts of the watershed are not stnlang 
but do indicate an increased disaggregation fiom peroxlde treatment 

Conclusions thus far reported show that 
*orgmc carbon plays a major role in pmcle aggregation, 
won oxldes play a very small role in partde aggregation 
*carbonates do not appear in the top 6 rnches of the soil and must be concentrated at 
greater depth 
*PU isotope concentrations do increase unth decreasing gram we, but not as well with 
estunated surfkce area because it is a crude estunate based on grain sue 

Following the presentation, a discussion arose as to the nature of the radionuchddsoil particle 
association It is lmportant to know what the gram size of the WAm parbcles are wth respect to 
the srze separations Concern was expressed over the possibility of 8 hot particle effect 111 the 
data It was suggested that after srze separations, photographc film could be used to track 
nuclear particles m the sod fraction It is hoped that the next set of data 4 1  have more details on 
radioisotope detmnations and their relationshp to disaggregated soil fractions 

Discussion of K d  values Use and applicability of K d  values for site assessment and decision 
malung was rmsitd The results of charactenzabon of oxldahon state and chemcal structure 
from both CSM and LANL provldes sigmficant constramts on how chemical processes need to be 
included m models such as RESRAD 

Discussion of Tetra-aza macrocycles The adwsory group was provided wth some viewgraphs 
that described recent French research on the applicatron of tetra-aza macrocyles for selectwe 
extraction of plutomum A question was posed regarding whether thts technology could be used 
for surface water cleanup at the RFETS site Dr Clark provided the following discussion, which 
was also shared dumg phone conversations with Bill Hayes In summary, tetra-aza macrocycles 
are not apphcable for surface water cleanup at Rocky Flats These macrocycles, and many other 
novel ligands hke bis triazinyl pyndine, cyanex, tn-butyl phosphate, etc , are commonly used rn 
process chemcai operations where plutomum is manipulated as a dissolved ion m solution, 
typically under strong acid conditions Strong acid conditions (z e. n~tnc acid) are used rn the 
process chemstry of plutomum to prohibit the hydrolysis and polymemtion reactions, as 
discussed in this report under the heading of “plutomum oxidehydroxlde” Under these chemical 
condihons, ligands can be chemically tadored to show hgh selectivities for complexing plutomum 
ions over other metals ions (such as lantharudes or transition metals) However, all the data 
amassed to date about the chemical form of plutomum in soils at RFETS shows that the 
plutomum is anythmg but a soluble iomc form, nor is the surface water highly acidic Instead, the 
data lndicate that plutomum is in the form of plutomum dioxlde, and that it is likely attached to 
other mineral particles m the sods Furthermore, the data indicate that partmilate (or sedunent) 
transport is the important transport mechanism for plutonium in surface waters at RFETS Hence 
the novel properties of tetra-aza macrocyles, or any other molecularly-engneered ligand system 
are not relevant to clean-up of surface waters at RFETS 
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List of Potential Peer Reviewers for 
Addition to the 

Actinide Migration Studies Group 

r 

t 

Tuesday, April 13,1999 

Followng is the hst o f  potential peer rewewers identtfied by the TRG members at the March 23 
meetmg Each descnption rncludes the indiwdual's degree, af€ihation, and a brief summary of 
hdher expenence 

F. Owen Hoffman, Ph.D.: Ph D in Ecology from the Umversity of  Tennessee, M S m Fishenes 
Limnology from Oregon State Utuversity, B A. in Biologcal Conservation &om San Jose State 
College He is currently the President and Director of SENES Oak &dge Professional 
expenence includes nsk analyas, enwonmental health physics, dose reconstruction of 
radionuclides and chmcals, radioecology/terrestnaYaquatic nsk estimatiodassessment, and 
statisticdquantitative uncertarnty analysts 

Phillip Gschwend, Ph.D.: Ph D in Chemcal Oceanography fiom Woods Hole Oceanographc 
Institution, B S in Biology fiom the Califorma Institute of Technology He is currently a 
Professor of  Ciwl and Enwronmental Engineenng at the Massachusetts Institute of  Technology 
Professional expenence IS pnmmly in orgaruc chenustry, specifically orgaruc compound 
contarmnants in water 

Donald Langmuire, PID.: Ph D , M S , and B A tn Geology fiom Harvard Umversity He is 
currently an adjunct professor at the Colorado School of Mrnes and Seruor Advisory Scientist at 
Los Amos National Laboratory Research interests include behamor of  aqueous species, 
radionuchde geochemstry, metal and ligand sorption modeling and mecharucs, and groundwater 
pollution fiom waste disposal 

Leonard Lane, Ph.D.: Ph D in Hydrology and Water Resources from Colorado State 
Umversity, M S in Systems and Industnal Engrneemg and a B S in Engineenng Mathematics 
fiom the University of h o n a  He currently holds a position wth the Agncultural Research 
Semce from the U S Department of Agriculture Research interests include 
erosiodsedimentation, ramfhll-runoff modehg, contaminant transport, infiltration, and project 
leader and member of core team for the Watershed Erosion Prediction Project 

Waite Osterkamp, PLD.: Ph D and M S in GeologyMydrology from the Umversity of 
Anzona, B A. m Chemistry and Geology fiom the Utuversity of Colorado He currently holds a 
position with the U S Geologcal Survey Professional expenence includes sediment impacts, 
geomorphology, sediment transport, and water quality 

Donald Siege], Ph.D.: Ph D in Hydrogeology from the Utuversity of Mnnesota, M S in 
Geology fiom Penn State University, and a B S in Geology fiom the Umversity of Rhode Island 
He is currently a professor for Syracuse Umversity in the Department of  Earth Sciences 
Publication topics include mgration and dissolution of minerals, erosion effects on water quality, 
wetland recharge and discharge, groundwater contanunation, organic complexation, and transport 
and attenuation of BTX 

I 

I 
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* 

Participants in the Actinide Migration Evaluation Meetings 
April 29-30,1999 

Morning 

Russel Mccalhster (dodrfFo) 
Tom Greengard (Wsaic) 
Annette Primrose (rmrs) 
R r k  Nordstrom (usgu) 
Mke Peters (mdqa) 
Wm Chromec (rmrs) 
R c k  Roberts ( m s )  

Ward Wicker 
Tom Hakonson 
Jerry DePorter 
Brady Wilson 
Laura Brooks 
Elizabeth PottorfT 
Jeb Love 
Judy Brook 
bch Horstann 

Russel Mccalhster (dodflo) 
Tom Greengard (Wsa~c) 
a r k  Nordstrom (usgu) 
Win Chromec (rmrs) 
Greg Wetherbee ( w e )  

I advsufil499 
I -% 

Bob Nimger (kh) 
Greg Wetherbee ( m e )  
C h s  Dayton (kh) 
Dave Clark (lanl) 
Dave Janecky (lad) 

Radian a r  transport workers 
MarYNeu (ld) 

Afternoon 

Jim Ranwlle 
Victor Holm 
Hank Stovall 
John Corsi 
Kathleen Meyer (rac) 
Gary Kleernan (epa) 
Tim Rehder (epa) 
Charlie Momson 
unknown 

Chs  Dayton (kh) 
Dave Clark (lanl) 
Dave Janecky (lanl) 
Mary Neu (lad) 
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